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Soil erosion is one of the most serious mechanisms of land
degradation and soil fertility decline (e.g. Oldeman, 1994;
Morgan, 1995; El-Swaify, 1997; Enters, 1998). It occurs under
diverse circumstances and impacts soil features (crops and water
resources). Erosion is increasing over the years to the detriment of
cultivated land. Its main consequences are loss of precious soil
resources for cultivation, and siltation of reservoirs and streams
(Kothyari, 1996; Biswas et al., 1999; Jain and Dolezal, 2000). Soil
erosion is a physical process, but the underlying causes are related
to the socio-economic, political and cultural environment in which
land users operate (Stocking and Murnaghan, 2001). Socio-
economic and demographic factors have aided the acceleration of
soil erosion, particularly in developing countries (Bayramin et al.,
2003). Soil loss affects the sustainability of agricultural production
across the globe. Most researchers investigating erosion processes
are following a quantitative approach in order to provide a quan-
titative erosion map (Singh et al., 1992; Martinez-Casasnovas,
2003; Øygarden, 2003; Essa, 2004) but few studies have been
carried out to produce a qualitative erosion risk map. A qualitative
semantic assessment is vital for establishing soil conservation
measures that can reduce land degradation and assure a sustain-
able management of soil resources.
Increasing population, deforestation, land cultivation, uncon-
trolled grazing and growing demands for firewood are often the
causes of soil erosion (Reusing et al., 2000). The economic
implication of soil erosion is significant in developing countries
because of a lack of resources for replacing lost nutrients
(Erenstein, 1999). Severe soil loss is one of the major causes of
land degradation in Ethiopia (Girma and Endale, 1996). Accord-
ing to the ‘Global assessment of soil degradation’ map more than
50% of the highlands in Northern Ethiopia suffer from extreme
loss of topsoil due to sheet and rill erosion (Oldeman et al., 1990).
The Food and Agriculture Organization of the United Nations
indicates that annual soil loss reached 200e300 tons per hectare in
the same region, which means that soil loss can reach
23,400 million tons per year (Food and Agriculture Organization
(FAO), 1984; Hurni, 1993). In SW Ethiopia, Devi et al. (2008)
found that siltation and nutrient depletion were the major prob-
lems for many reservoirs. Although several studies of erosion
processes have been conducted in this region, mapping of erosion
risk on a regional scale has not been performed (e.g. Oldeman
et al., 1990; Hurni, 1993; Devi et al., 2008).
Several soil erosion models and methods have been developed
to assess or/and predict erosion in qualitative or quantitative
approaches, such as the Universal Soil Loss Equation (USLE), its
successor the Revised Universal Soil Loss Equation (RUSLE), and
the Soil Erosion Risk Assessment Model (e.g. the ICONA model,
Bayramin et al., 2003; INPE model, Crepani et al., 2001;
QUERIM model, Vrieling et al., 2002). Collecting input data is
a major hurdle that can be eased with the use of remote sensing.
Remote sensing can provide an important source of data for thesemodels, which can then be manipulated and analyzed using
a geographic information system (GIS). In this context, the focus
of this study is to use remote sensing data, combined via GIS, to
provide three qualitative erosion risk maps based on the factors
influencing soil erosion and to optimize qualitative erosion risk
monitoring. Consequently, this study permits us to identify areas
that require water and soil conservation measurements. The data
required to run our model was obtained from satellite images and
local expert knowledge. We analyze the combined data using
qualitative decision rules and a hierarchical order of soil erosion
severity.
2. Description of the study area
Ethiopia is one of the most drought-stricken regions in the
worlddmainly due to highly erratic, unpredictable rainfall (Envi-
ronmental Protection Authority (EPA), 1998) and political pressure.
Under such conditions, water harvesting from reservoirs is affecting
potential irrigation within the entire country. Melka Wakena,
covering an area of 4485 km2, was selected as an application
catchment for this study. It is one of the important reservoirs in the
southern Ethiopia where the siltation process due to an intensifi-
cation of erosion, is threatening its life expectancy. The catchment
area is located in the Southern Ethiopian Plateau between 38 and
40 East longitude and between 6 and 7.5 North latitude (Fig. 1).
The area is used intensively for agriculture and it includes
a hydropower dam upstream of Wabi Schebelle basin that produces
153MW (1989) and has a water storage capacity of 760 million m3.
According to the International Program for Technology and
Research in Irrigation and Drainage (IPTRID) the catchment
contains a potential irrigation area of 2040 km2. The region can be
classified as semi-arid, but with an average annual rainfall of
853 mm it locally has characteristics of tropical environments. Its
average elevation is about 2608m a.s.l. Soil erosion occurring in the
study area affects both soil properties and water resources and is
resulting in a reduction of agricultural land.
3. Methodology
Several models and approaches (among others e.g. USLE, RUSLE
and ICONA) have been developed to address the problems of
erosion (e.g. Moore et al., 1993; Bishr and Radwan, 1995; Gessler
et al., 1995; Hill et al., 1995; Mitasova et al., 1996; Thornes et al.,
1996; Bouaziz et al., 2009). In order to optimize parameter
selection for qualitative erosion risk monitoring of the Melka
Wakena reservoir, a methodological case study applying Remote
Sensing (RS) and Geographical Information Systems (GIS) tech-
niques was considered in this research. According to the research
goal, a qualitative assessment of erosion was made based on the
major factors affecting erosion (predominantly: rainfall, land use,
topography and soil properties). It is important to mention that in
the presented approach, decision rules and hierarchical
Figure 1 Location of the study area in Ethiopia (a) Subset from Landsat TM image acquired in October 2008; (b) Composed MODIS image of
Africa from 2005.
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edge. A similar approach has already been applied successfully to
soil erosion modeling at various scales (Harris and Boardman,
1990; Cerdan et al., 2002). Comparable models have been used
in many countries (EU countries, Mediterranean states and some
African countries like Tanzania and Tunisia) in order to map
erosion risk and terrain susceptibility to land degradation by
erosion.
A digital elevation model (DEM) from the Shuttle Radar
Topography Mission (SRTM) data (90 m spatial resolution) was
used for the study to generate geomorphologic parameters (slope,
drainage network, and aspect). In erosion studies, a climate factor
always represented is rainfall. This parameter is depicted from
Tropical Rainfall Measuring Mission (TRMM) data with a spatial
resolution of 27 km (0.25). Soil properties are extracted from the
Soil Map of the World provided by the Food and Agriculture
Organization of the United Nations (FAO). Land use information
for this study, with a resolution of 30 m, was available from the
Landsat Thematic Mapper (TM).
These data described above were used to produce the three
maps of erosion risk that, were in turn, derived from thematic
maps (Fig. 2). Erosion susceptibility is qualitatively weighted
between low and extreme depending on the impact of soil erosion
from the assignation of one of the five input factors previously
noted. This process is shown in the decision trees (Tables 5 and 6).Figure 2 Flow diagram of the study.Bayramin et al. (2003) used a similar qualitative method for
erosion risk assessment as the one applied in our study. It consists
of predictive, descriptive and integration phases and starts with
a pre-processing phase in which the same cell size of raster
datasets (30 m) is fixed for all the remote sensing data. Thereafter,
follows the prediction of the sensibility of each controlling factor
of erosion. Finally, we have an integrative phase using combina-
tions CA, CB, and CC. (Table 1). The flow chart of our study is
presented in Fig. 2.
Based on the information of the FAO soil map (Harmonized
World Soil Database, Version 1.1, March 2009), there are three
different soil classes within the study area. In the second step,
a Landsat ETM þ image acquired in February, 2001, was clas-
sified using a Maximum Likelihood Classification (MLC) to
determine the different land-use categories in the Melka Wakena
area. To be able to interpret this image, pre-treatment operations
were carried out to correct geometric and atmospheric distortions.
Image pre-processing was conducted with PCI Geomatica, while
we used ENVI 4.x for image processing and analyses. The
different atmospheric disruption corrections have been done by
ATCOR model available from PCI Geomatics Enterprises Inc.
based on the Richter model (Richter, 1990). Afterward, linear
contrast stretch was used as a spatial enhancement technique to
refine geometric and geomorphic parameters of affected areas and
to optimize the visual interpretation. A rainfall intensity layer wasTable 1 Input parameters of the three different combinations for
the erosion risk assessment.
Combinations
CA CB CC
Controlling factors
of erosion
Topography X X X
Soil properties X X X
Rainfall X X
Vegetation cover X X
Land use X X X
Figure 3 Soil erosion risk maps. (3a) Combination CA; (3b)
Combination CB; (3c) Combination CC.
Table 2 Classes of slope in the study area.
Slope classes
0%e2% 2%e5% 5%e15% 15%e35% 35%e45%
Area (km2) 1254.2 1462 1263.1 408.3 97.4
Area (%) 27.9 32.6 28.2 9.1 2.2
Table 3 Areas covered by different soil types in the studied
catchment.
Soil type
Eutric
Nitosols
Plinthic
Ferralsols
Ferric
acrisols
Area (km2) 2279 1303 903
Area (%) 51 29 20
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soil layer were combined to obtain the erodibility layer (Table 5).
Ultimately, we linked the land use, soil map, rainfall, vegetation
cover and topographic data into three different combinations of
Table 1 to generate three different erosion risk maps.
In addition to the remote sensing techniques and the use of
GIS, the flow diagram of the study (Fig. 2) indicates the inte-
gration of expert knowledge to assess and define the catchment’ssensitivity to erosion. Superposition and combination of the
different layers in a decision-tree were done by using the cross-tab
model as a mean of a considered linear linkage between the
erosion affecting factors.
4. Basics of erosion risk processes
The flow diagram of the study indicates the requirement of five
different input layers. The inputs, the gathering of the main
controlling factors of erosion in this work, are almost completely
obtained by using remote sensing techniques. The determination
and assessment of the relative vulnerability for soil erosion are
presented below.
4.1. Main controlling parameters of erosion
4.1.1. Topography e slope map
Erosion processes are strongly influenced by topography. Topo-
graphic features exert their control on the soil properties (Moore
et al., 1993), the microclimate, the vegetation distribution (Frank
and Isard, 1986) and on both runoff and moisture availability
(Moore et al., 1991; Pickup and Chewings, 1996).
In this study, the slope value (in degree) for each elevation cell
was generated from a DEM based on the SRTM and classified into
five classes. The resulting classes are presented in Fig. 3.
Regarding the threshold of slopes in the region, the following
slope gradients were selected: 0%e2%, 2%e5%, 5%e15%,
15%e35% and 35%e45%. A summary relating the slope classes
and the covered areas is presented in Table 2.
4.1.2. Soil type
The erosion of soils produces sediment that can fill reservoirs and
water conveyance channels, be a pollutant itself, and carry
adsorbed chemicals that degrade water quality in streams and
lakes (Toy et al., 2002). Moreover, some soils have an inherent
higher erodibility than others. Studies by Agassi (1996); Bryan
(1977); and Foth and Turk (1972), among others, have
concluded that highly erodible soils can be 10 times as susceptible
to erosion as erosion-resistant soils. Therefore, a delineation of the
soil properties in the study area is required to understand the
susceptibility of soils to erosion. The physical properties (e.g. clay,
Table 4 Area of land use in the study area.
Types of land use
Irrigation area Agriculture Bare soil Savannah Forest Water body
Area (km2) 203.2 588.6 1462.52 1299.6 852.28 78.8
Area (%) 4.53 13.12 32.61 28.98 19.00 1.75
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the FAO soil map of the world (Harmonized World Soil Database,
Version 1.1, March 2009). In addition, several parameters such as
clay mineralogy, soil depth, soil and terrain suitability for specific
crop production, soil moisture, storage capacity and soil drainage
classes are included in the FAO soil map. Three classes of soil
characterize the investigation area: Eutric Nitosols, Plinthic Fer-
ralsols and Ferric Acrisols. The sensibility to erosion was evalu-
ated according to parameters described above, as well as to the
database and references (Majaliwa et al., 2003) provided by the
FAO. A summary of the covered area of each soil type can be
found in Table 3.
4.1.3. Land use
Soil erosion processes vary across the regions due to differences of
environmental circumstances (e.g. vegetation cover, slope varia-
tion). The Landsat-5 TM image used in this study was acquired on
14 September, 2008, which fits the field work period. Before the
classification, image pre-processing was applied before a super-
vised maximum likelihood classification (MLC) was performed
on this image. MLC is the most widely adopted parametric clas-
sification algorithm (Jensen, 2005). The algorithm classification
assigns a particular class to each pixel based on the shortest
modified distance of the pixel from the class mean. It considers
also shape, size and orientation of the training samples.
The resulting land use classes are shown in Table 4. Each class
from the land cover map corresponds to a specific behavior with
respect soil erosion. Savannah and bare soil dominate the region of
study and correspond to highest soil sensibility.
4.1.4. Climate
Climate is one of the most important factors, in interaction with
others, that influences soil erosion both directly and indirectly. Toy
et al. (2002) reveals that precipitation is the single most important
climate variable affecting soil erosion. In the same context he
distinguished modes of erosion through the striking of raindrops
on the soil, and water flowing over the soil surface. Therefore, soil
loss is always closely related to rainfall which represents the
climate parameter in our erosion risk assessment. ObservationsTable 5 Decision rule of erodibility.
Eutr
Low
Slope class 0%e2% Low Low
2%e5% Medium Low
5%e15% High Med
15%e35% Very high Med
35%e45% Extreme Highand available information from field work and interviews show
that water flow over soils in the study area occurs, not unex-
pectedly, primarily within the rainy season. Three seasons char-
acterize the climate in Ethiopia: a dry season (OctobereJanuary);
a short rainy season (FebruaryeMay); and the major rainy season
(JuneeSeptember; Korecha et al., 2010). Rainfall also occurs in
the dry season, but with very weak intensity and almost always
without runoff. Consequently, only the major and short rainy
seasons (FebruaryeSeptember) were considered in our study in
assessing erosion risk.
The relative distribution of rainfall in the catchment study area
was estimated using TRMM data. The TRMM dataset has existed
since 1998, as a result of a collaboration between the U.S.A. and
Japan in order to estimate tropical and subtropical precipitation
(40 S e 40 N; since 2000, 50 S e 50 N).
The TRMM satellite carries three rain-measuring instruments.
These instruments are: the TRMM Microwave Imager (TMI), the
Visible Infrared Scanner (VIRS) and the Precipitation Radar (PR).
The TRMM satellites operate at an altitude of 350 km with
a period of 91.5 min. They provide precipitation data in several
spatial resolutions. For the present study we used two datasets
(3B43 and 3B42) with a spatial resolution of 0.25 (w27 km). Our
assessment and calculations are based on the 3B42 dataset
providing us a 3-hourly temporal resolution. For overviews and
comparison we used the monthly (3B43) dataset that is, compared
to the quasi real times measurements of the 3B42 (Huffmann
et al., 2007), calibrated with ground measurements on a global
scale of the Global Precipitation and Climatology Center (GPCC).
Although the spatial resolution of TRMM is fairly high on
a global point of view, it is low when working on scales like
watersheds.
Based on kriging, a low spatial resolution of about 28  28 km,
and the limited extent of the investigated area, we interpolated the
TRMM data by refining spatial resolution to reach 1 km spatial
resolution. According to the TRMM data, the precipitation on the
Melka Wakena watershed varies between 628 mm and 1079 mm.
The maximum amounts can be identified at the center of the study
area, whereas the lowest precipitation is found north and east of
the study area. The map derived from the TRMM data shows theSoil sensitivity
ic Nitosols Plinthic Ferralsols Ferric Acrisols
Medium High
Low Medium
Low Medium
ium Medium High
ium High Very high
High Very high
Table 6 Decision rule of soil protection.
Land use sensitivity
Irrigation area Agriculture Forest Savannah Bare soil
Low Medium Medium High Very high
Vegetation cover class >50% Low Low Low Low Medium Medium
35%e50% Medium Low Medium Medium Medium High
20%e35% High Medium Medium High High Very high
0%e20% Very high High High High Very high Very high
Figure 4 Distribution of erosion risk classes.
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in our approach within combinations CB and CC to provide two
different erosion risk maps.
4.1.5. Vegetation index
The vegetation cover is an erosion-controlling factor that is most
affected by human interference. Therefore, it is an important
component of any predictive model (Trimble, 1990). Several
vegetation indices are used as an indication of the vegetation cover
by applying an expression of spectral band ratio. The Normalized
Difference Vegetation Index (NDVI) was developed by Rouse
et al. (1974), and is the most used vegetation index in various
remote sensing applications. More advanced vegetation indices
were developed to improve the assessment of the vegetation cover,
e.g. several soils adjusted vegetation indices (SAVI) which take
into account the soil reflectance. Transformed Soil Adjusted
Vegetation Index (TSAVI), Modified Soil Adjusted Vegetation
Index (MSAVI), Optimized Soil Adjusted Vegetation Index
(OSAVI) and several other vegetation indices have been proposed
in order to minimize soil and atmospheric effects. In this study we
applied the NDVI to quantitatively define the vegetation cover on
a Landsat-5 TM image of September, 2008. This index is one of
the most used indexes to assess vegetation cover and works well in
most of the cases. For a Landsat TM image the NDVI is defined as
the channel ratio of (NIR  RED)/(NIR þ RED). The resulting
NDVI layer was classified into four groups to produce the vege-
tation cover layer, which was afterward combined with land use to
generate a soil protection layer (Table 6). The vegetation cover is
a seasonal variable that controls erosion. Data for vegetation
cover, TRMM data and field work data were collected during the
same rainy period of 2008. NDVI was combined in CA with the
land use map to come out with our analysis of soil protection
(Table 6).
4.2. Erosion risk maps
Erosion risk maps were generated by linking most of the
controlling factors of erosion (topography, land-use, soil map,
vegetation cover and rainfall) into several combinations. The
resulting soil erosion risk maps are presented in Fig. 3. The maps
are characterized by four classes, with the erosion risk ranking
varying from low to very high.
Three maps of erosion risk for the watershed Melka Wakena
were generated to show the ranking of erosion risk. Four colors
characterize the erosion classification within the three outcome
maps. As presented in Fig. 4, the distribution of erosion risk classes
depends on which model is applied. According to the CA and CB
models the class of high erosion risk occupies the largest areawithin
the catchment study area, respectively 64 and 67% Table 7.5. Results and discussion
Several erosion controlling factors have been evaluated in this
study in order to assess their impact on erosion risk. The variation
of environmental input factors between the three combinations
CA, CB, and CC allows us to understand the impact of each factor
depending on its ability to affect erosion. We evaluate the outcome
of each combination depending on the different environmental
input factors of combinations CA, CB, and CC and following the
four levels of erosion risk maps. Due to the similarity of the spatial
distribution of low and medium erosion risk in all the erosion risk
maps, we evaluated the low and medium risk levels together,
while we evaluated the classes of “high” and “very high” erosion
risk independently. These two classes are considered of highest
importance for any land degradation assessment due to their
occurrences on mostly degraded land.
5.1. Evaluation of low risk and medium risk
The areas with low and medium erosion risk are mostly located in
the vicinity of the Maleka Wakena reservoir and close to irrigation
areas where the slopes are still gentle. From the erosion risk map
(Fig. 3), it can be noted that the area identified to have low erosion
risk is approximately the same within the three combinations
(varying between 4% and 6% of the study area (Fig. 4). According
to the soil erosion risk maps (Fig. 5) low erosion risk is especially
encountered in irrigation areas where gentle slopes are, associated
with very high vegetation cover and a fertile soil; in contrast,
medium erosion risks show significant variation between combi-
nations A, B and C (Table 1). Combinations A and B show
a similarity within the spatial distribution of erosion risk classes.
Table 7 Distribution of the affected area (%) by erosion risk
classes.
Erosion risk combinations
CA CB CC
Low risk 6 4 5
Medium risk 11 14 42.2
High risk 64 67 35.2
Very high risk 19 15 17.6
Figure 6 High erosion risk distribution.
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includes land-use, topography, vegetation index, and soil proper-
ties. In addition to CA, combination CB adds the rainfall factor, but
with only a slight impact. This is in contrast to combination CC,
where the addition of rainfall and the removal of the vegetation
cover factor widely affected the medium erosion risk. Hence, we
identify the vegetation cover, under the model conditions in CC, as
the most important factor for erosion risk when compared to
precipitation in a semi-arid environment such as our study area.
5.2. Evaluation of high erosion risk
It is especially important to consider areas with high erosion risk,
because they are particularly prone to erosion processes and hence
have a stronger impact on the soil. High erosion risk is occupying
the largest area when using the model combination CA and CB. In
contrast, it is at second place within combination CC where it
covers only about the third of the study area.
Here a significant difference exists in the outcome of the
different approaches. That result indicates most probably a direct
link to the vegetation cover. The vegetation cover, obtained
through the NDVI, is the only controlling factor, reducing the
impact of rain drop to detach soil particles; it is neglected in the
combination CC (Table 1).
In numbers: Considering the vegetation-cover in CA and CB,
resulted in 82%e83% of the study area being classified as high to
very high soil erosion risk (Table 4). Neglecting the vegetation
cover (model approach CC) resulted in an area of only about 52%
being classified as a high to very high erosion risk region (Fig. 6).
Due to this large variation of the high erosion risk between the
different combinations we have strong evidence that there is
a crucial importance of the vegetation cover for models assessing
erosion risk. Hence, the vegetation cover should not be neglected
in erosion risk studies.
5.3. Evaluation of very high erosion risk
Amongst the different levels of erosion risk, very high erosion risk
is obviously the most critical. The degree of soil degradation inFigure 5 Areas with low and methis class is usually either irreclaimable or very difficult to restore.
The erosion risk map shows that between 15% and 19% of the
region is affected by very high erosion risk (Fig. 7). CC marks the
highest percentage of very high erosion risk with 19%. CC and CA,
somewhat surprisingly, present a similar spatial distribution of the
very high erosion risk class despite the fact that CC is missing
rainfall as the fifth controlling factor of erosion. This indicates that
rainfall is not playing the major role in affecting erosion risk. On
the other hand, CC and CA when compared to CB present
a dissimilar spatial distribution of very high erosion risk; CB is the
only combination missing the vegetation cover as a controlling
factor. Hence we clearly identify the dominant role of vegetation
cover within the parameters affecting very high erosion risk.
Our assessment of low, medium and high erosion risks in
Section 4.1 and 4.2 indicates the emphasis of vegetation cover on
soil erosion risk. Consequently, we have strong evidence of the
crucial and major role of the vegetation parameter in influencing
erosion risk. These findings are similar to Kirkby (2001), where he
pointed out that the linkage of soil erosion with vegetation cover is
very strong under arid and semi-arid climates.
5.4. Validation
The validation of the elaborate erosion risk maps from multi-
combination erosion controlling factors is crucial for this study.
However, quantitative measurements of the soil erosion rates and
identification of land degradation have rarely been made in
Ethiopia. Interaction between field observation and high resolution
satellite images from the ASTER (Advanced Spaceborn Thermal
Emission and Reflection Radiometer) has been made in order to
assess details on the spatial distribution of rill and gully erosion.
Field work conducted between September and October, 2008,
showed that a higher density of rill and gully erosion is mostly
encountered in the northern highland of the study area. This result
is confirmed by the maps derived from combinations CA and CB.
We can conclude that optical ASTER data combined with Landsat
data is effective in the approach to provide a better understanding
of the occurrences of gully erosion (Bouaziz et al., 2009). The
good spatial resolutions (15 m for ASTER in the visible spectrumdium erosion risk distribution.
Figure 7 Very high erosion risk distribution.
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helpful in distinguishing between gully-impacted areas and
unaffected areas. The visual interpretation of the data, after
enhancement and pre-processing, shows that gullies are found also
in the southeastern part of the investigated watershed. All erosion
risk maps prepared are compatible with the derived results from
the ASTER and Landsat images.
Our erosion risk maps represent a qualitative and relatively
subjective approach. The maps are the results of environmental
modeling from available information and expert knowledge. This
work is a gathering of heterogeneous data within different scales,
spatial resolution and specific parameters for a regional scale, which
are especially necessary within a quantitative approach. Further-
more, and similar to the findings of Yves et al. (2002), the accuracy
of the results depends much more on the spatial resolution and
quality of the input data than on themodel itself, because erosion risk
models are based on simple and global assumptions. Consequently,
these models are data sensitive and according to van Rompaey and
Govers (2002) error propagation involving poor data quality can
dramatically deteriorate the accuracy of the output results.
6. Conclusion
Land use, topography, rainfall, vegetation cover and soil properties
are key factors that control soil erosion. We have analyzed and
evaluated these factors using remote sensing and GIS techniques.
The three erosion risk maps obtained from the applied models
indicate that a high to very high risk of erosion is widespread in the
Ethiopian study area, especially for barren lands and rangelands.
Areas surrounding the Melka Wakena reservoir exhibit a medium
erosion risk and are prime candidates for the application of irriga-
tion. In the vicinity of the reservoir, vegetation cover is high and
gentle slopes of 0e5%, explain the low to medium erosion risk.
The soil erosion risk is largely determined by vegetation cover.
West of theMelkaWakena watershed, where there is a low density of
vegetation,wepredict a high tovery high risk of erosion.Our research
suggests that vegetation cover is the major parameter that determines
soil erosion risk level. This work indicates the need for immediate
adoption of conservation strategies in areas with high and very high
erosion risk to prevent further land degradation. Our mapping and
modeling method is rapid, straightforward and principally fed by
remote sensing data. It provides a flexible tool, applicable for a wide
variety of regions, especially in emerging countries where technical
facilities and historical in-situ measurements are lacking.
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